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1. 

METHODS AND DEVICES FOR ADUSTING 
ACTUATOR CONTROL SIGNALS 

SUMMARY 

In certain embodiments, a method includes performing a 
first seek operation using a first voice coil motor (VCM) 
control signal by utilizing a first drag component value. The 
method further includes determining a position error signal 
(PES) and a DC offset component of the PES measured 
during the first seek operation, and determining that the DC 
offset component is above a predetermined threshold. In 
response to determining that the DC offset component is 
above the predetermined threshold, the method further 
includes determining a second drag component value dif 
ferent than the first drag component value. The method 
further includes generating a second VCM control signal by 
applying the second drag component value. 

In certain embodiments, an apparatus includes control 
circuitry configured to: initiate a first seek operation using a 
first voice coil motor (VCM) control signal by utilizing a 
first drag component value; determine a DC offset compo 
nent of a position error signal measured during the first seek 
operation; determine that the DC offset component is above 
a predetermined threshold; and in response to determining 
the DC offset component is above the predetermined thresh 
old, determine a second drag component value different than 
the first drag component value. 

While multiple embodiments are disclosed, still other 
embodiments of the present invention will become apparent 
to those skilled in the art from the following detailed 
description, which shows and describes illustrative embodi 
ments of the invention. Accordingly, the drawings and 
detailed description are to be regarded as illustrative in 
nature and not restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an exploded, perspective view of a hard 
drive, in accordance with certain embodiments of the present 
disclosure. 

FIG. 2 shows a schematic of a system including a hard 
drive, in accordance with certain embodiments of the present 
disclosure. 

FIG. 3 shows a schematic of a servo control system, in 
accordance with certain embodiments of the present disclo 
SUC. 

FIGS. 4A-C show plots of a position error signal, in 
accordance with certain embodiments of the present disclo 
SUC. 

FIG. 5 shows a flow chart of a method for performing seek 
operations using drag component values, in accordance with 
certain embodiments of the present disclosure. 

FIG. 6 shows a plot of a drag component value, in 
accordance with certain embodiments of the present disclo 
SUC. 

While the disclosure is amenable to various modifications 
and alternative forms, specific embodiments have been 
shown by way of example in the drawings and are described 
in detail below. The intention, however, is not to limit the 
disclosure to the particular embodiments described but 
instead is intended to cover all modifications, equivalents, 
and alternatives falling within the scope the appended 
claims. 

DETAILED DESCRIPTION 

FIG. 1 shows an exploded, perspective view of a hard 
drive 100 having a base deck 102 and top cover 104. The 
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2 
hard drive 100 includes magnetic recording discs 106 
coupled to a spindle motor 108 by a disc clamp 110. The 
hard drive 100 also includes an actuator assembly 112 
coupled to a Suspension assembly 114 that Suspends read/ 
write heads 116 (only one read/write head 116 is shown in 
FIG. 1) over the magnetic recording discs 106. In operation, 
the spindle motor 108 rotates the magnetic recording discs 
106 while the actuator assembly 112 is driven by a voice coil 
motor assembly 118 that rotates the actuator assembly 112 
around a pivot bearing 120. The voice coil assembly 118 can 
include a voice coil 122 (shown in FIG. 2), which includes 
a wound conductive wire through which current is applied. 
In operation, positioning of the actuator assembly 112 is 
controlled by the applied current through the voice coil 122, 
which generates a magnetic field that interacts with mag 
netic fields of permanent magnets 124 that are spaced apart 
from the voice coil 122. The hard drive 100 further includes 
a servo control system (discussed in more detail below) that 
controls operation of the voice coil motor assembly 118 such 
that the read/write heads 116 are positioned over a desired 
track on the magnetic recording discs 106 for reading and 
writing operations. 

FIG. 2 shows a schematic of a system 200 including the 
hard drive 100 and its control circuitry 202. The circuitry 
202 includes a data control system 204 that processes read 
and write commands and associated data from a host device 
206. The host device 206 may include any electronic device 
(e.g., computer, server) that can be communicatively 
coupled to store and retrieve data from a data storage device. 
The data controller system 204 is coupled to a read/write 
channel 208, which converts data to and from digital and 
analog signals for carrying out read and write operations. To 
facilitate read/write operations, the read/write channel 208 
may include analog and digital circuitry Such as preampli 
fiers, filters, decoders, digital-to-analog converters, timing 
correction units, etc. The read/write channel 208 also pro 
vides servo data read from servo wedges on the magnetic 
recording medium 106 to a servo control system 210. The 
servo control system 210 uses these signals to provide a 
voice coil motor control signal 212 to the voice coil motor 
assembly 118 to position the actuator assembly 112 (and 
therefore read/write heads 116). The control signals 212 are 
processed (e.g., converted from digital to analog, amplified, 
filtered) via control interface circuitry 214 coupled to the 
servo control system 210. 

Although two separate controllers (204 and 210) and the 
read/write channel 208 have been shown for purposes of 
illustration, it is to be understood that their functionality 
described herein may be integrated within a common inte 
grated circuit package or distributed among more than one 
integrated circuit package. 

FIG. 3 provides a high-level representation of a servo 
control system 300 of the hard drive 100 and which may be 
implemented as the servo control system 210 shown in FIG. 
2. In operation, the read/write heads 116 read servo data 
(e.g., positioning data) embedded on the magnetic recording 
discs 106 to determine an actual position 302 of the read/ 
write head 116 relative to tracks on the magnetic recording 
discs 106. The actual position 302 of the read/write head 116 
is subtracted from a desired position 304 of the read/write 
head 116 to determine a position error signal (PES) 306, 
which is the difference between where the read/write head 
116 is and should be positioned with respect to tracks on the 
magnetic recording discs 106. The PES 306 is fed into a 
voice coil motor controller 308, which controls current to the 
voice coil of the voice coil motor assembly 118 via the voice 
coil motor control signal 212 to position the read/write head 
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116 over the desired track. It is appreciated that the actuator 
assembly 112 may include a dual-stage actuation configu 
ration such that the actuator assembly 112 also includes 
microactuators that assist the voice coil motor assembly 118 
with positioning the read/write heads 116. FIG. 3 shows the 
servo control system 300 including a drag component esti 
mator 310, a drag compensator 312, and a filter 314, which 
will be described in more detail below as, individually or 
collectively, assisting with servo control system perfor 
aCC. 

Performance of the servo control system 300 and there 
fore hard drive 100—can be influenced by a number of 
factors, including various drag forces associated with the 
voice coil motor assembly 112. Many of these drag forces 
change in response to temperature changes. For example, 
temperature change affects certain properties, like a lubri 
cant's viscosity, within the pivot bearing 120, which is 
coupled to the voice coil motor assembly 112. As the 
lubricant’s viscosity changes, so does performance of the 
pivot bearing 120, which affects performance of the voice 
coil motor assembly 112, which in turn affects performance 
of the servo control system (e.g., track seeking operations, 
track settling operations, read errors, and the like). As a 
result, when drag forces are not accurately accounted for, a 
DC offset component of the PES (discussed in more detail 
below)—and therefore the PES itself becomes unduly 
large and causes positioning performance errors. 

FIGS. 4A-C are provided to show how positioning can be 
affected as a hard drive operates at different temperatures. 
These figures provide graphs showing plots of PES mea 
Sured during seek operations performed at various tempera 
tures where drag forces are not dynamically accounted for. 
FIG. 4A shows a graph 400 plotting PES 402 over a number 
of track sectors (horizontal axis). When PES is zero, the 
read/write is positioned over its target track. When PES 
deviates above or below zero, this indicates that the read/ 
write head is not positioned as desired and instead is biased 
towards an outer or inner diameter of a magnetic recording 
medium. As mentioned above, the graphs shown in FIGS. 
4A-C feature plots of PES performed at various tempera 
tures where drag forces are not dynamically accounted for. 
These figures show that positioning performance changes as 
temperature changes when Such temperature changes are not 
accounted for. Certain embodiments of the present disclo 
Sure are accordingly directed to compensating for perfor 
mance changes over a range of temperatures. 

FIG. 4A represents a seek operation performed at a 
temperature greater than that of FIGS. 4B-C. It can be seen 
in FIG. 4A that position errors are occurring such that the 
read/write head is biased in an off track direction. FIG. 4B 
shows a graph 410 and represents a seek operation per 
formed at a temperature greater than that of FIG. 4C but less 
than that of FIG. 4A. It can be seen in FIG. 4B that a 
magnitude of PES 412 is generally less than that shown in 
FIG. 4A. FIG. 4C shows a graph 420 and represents a seek 
operation performed at a temperature less than that of FIGS. 
4A-B. It can be seen in FIG. 4C that a magnitude of PES 422 
is relatively larger than PES 402 and PES 412 shown in 
FIGS 4A-B. 

Referring back to FIG. 3, in certain embodiments the 
servo control system 300 includes a drag component esti 
mator 310 and drag compensator 312 that, individually or 
collectively, assist with compensating for temperature-based 
positioning effects (e.g., temperature-dependent drag 
forces). The drag component estimator 310 is used to modify 
the voice coil motor control signal 212, which controls 
operation of the voice coil motor assembly 118. For 
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4 
example, the drag component estimator 310 can send a 
numerical value (e.g., drag coefficient, drag constant) to a 
drag compensator 312 of the voice coil motor controller 308 
Such that one or more parameters (e.g., gain, skew rate) of 
the voice coil motor control signal 212 are modified. Modi 
fying such parameters impacts the amount and timing of 
current applied to the voice coil motor assembly 118. For 
example, in certain embodiments, if temperature changes are 
such that the voice coil motor assembly 118 would experi 
ence more drag during rotation, the drag component esti 
mator 310 may increase an amount of current applied to the 
voice coil motor assembly 118 such that the time required 
for the read/write head 116 to seek from one track to another 
(e.g., seek time) is not negatively impacted by temperature 
changes. In certain embodiments, the drag component esti 
mator 310 may modify the voice coil motor assembly's 
acceleration and/or deceleration profile (e.g., rates of change 
of current) such that the time it takes for the read/write head 
116 to settle over a desired track (e.g., settling time) is not 
negatively impacted by temperature changes. 

FIG. 5 shows a flow chart 500 including various steps to 
update a drag component value of the drag component 
estimator 310 for use in modifying a voice coil motor control 
signal 212. In step 502, a seek operation is initiated such that 
a current is applied to the voice coil of the voice coil motor 
assembly 118 to rotate the actuator assembly 112 about pivot 
bearing 120. 

During the seek operation, a position error signal (PES) is 
determined along with a DC offset component of the PES 
(step 504). In certain embodiments, the PES value during 
seek operation is determined by comparing the actual posi 
tion of the read/write head with the desired position trajec 
tory that is calculated according to seek distance. In certain 
embodiments, the PES DC offset component is determined 
only during a coasting period of the seek operation. Gener 
ally, a seek operation involves an acceleration period where 
current to the voice coil motor assembly 118 is rapidly 
increased to initiate rotation of the actuator assembly 112, 
followed by a coasting period where a level of current 
(including situations where no current is applied) is main 
tained such that the actuator assembly 112 is rotated at a 
constant velocity, followed by a deceleration period where 
current is decreased to slow rotation of the actuator assem 
bly 112. However, if a given seek operation is too short, the 
seek operation may not include a coasting period. As such, 
the seek operation initiated in step 502 may need to be a 
longer seek, where the read/write head 116 moves between 
tracks that are relatively far from each other. In certain 
embodiments, the average PES and PES DC offset compo 
nent over the course of a coasting period of a seek operation 
are determined. In certain embodiments, the PES DC offset 
component and/or its average during a coasting period of a 
seek operation may be determined by passing the PES 
through a low-pass filter 314 to extract the PES DC offset 
component. For example, the low-pass filter 314 may filter 
out higher frequency components of the PES. In some 
embodiments, the filter 314 is only active during the coast 
ing period of the seek operation. As a result, in certain 
embodiments, the determined DC offset component is a 
filtered, average DC offset component as measured during a 
coasting period of a seek operation. 

In step 506, the determined DC offset component is 
compared to a threshold. The threshold value can be set to 
represent a maximum desired position error. In some 
embodiments, the threshold DC offset component is set to 
represent a PES DC offset component value that would 
likely cause a position error of a certain number of tracks 
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(e.g., 2-track, 5-track, 10-track position errors). The thresh 
old can be set to vary from product to product. 

If the DC offset component is determined to be above the 
threshold, a drag component value is updated (step 508). It 
should be noted that the DC offset component may be 
positive or negative and that the threshold can be set to 
correct both positive and negative DC offset components. As 
Such, a positive threshold and a negative threshold can be set 
to correct positive and negative DC offset, respectively. In 
certain embodiments, a positive threshold is set to compare 
with an absolute value of the PES DC offset component. In 
certain embodiments, the amount the drag component value 
changes from seek to seek includes a fixed portion and a 
variable portion. The fixed portion is a minimum amount the 
drag component value will be increased or decreased upon 
determining that the drag component value is to be updated. 
The fixed portion can be the same value each time the drag 
component value is updated. The variable portion of the drag 
component value is proportional to a difference between the 
PES DC offset component and a target PES DC offset 
component. The variable portion may be a scaled, propor 
tional value (e.g., difference between the PES DC offset and 
the target PES DC offset component is multiplied by a 
constant greater than Zero) that is added to the fixed portion 
to calculate the amount the drag component value will 
change when the drag component value is updated. The 
fixed portion can be set to vary from product to product, and 
the variable portion can be scaled differently from product to 
product. 
The updated drag component value can then be used 

during subsequent seek operations (step 510) and may be 
stored in a table in memory for later use. It could take 
multiple updates before the drag component value remains 
steady from seek operation to seek operation (e.g., DC offset 
component lower than threshold). For example, FIG. 6 
shows a graph 600 showing a plot 602 that represents how 
a value of the drag component 310 changes with the number 
of seeks. So long as the determined PES DC offset compo 
nent remains above the threshold, the drag component value 
will be modified from seek operation to seek operation. 

It will be appreciated that, in the embodiments described 
above, the drag component value is updated without using or 
requiring use of a temperature sensor—although a tempera 
ture sensor can be used independently or in conjunction with 
the embodiments described in the present disclosure. 

Moreover, the various embodiments described above may 
be implemented using firmware, integrated circuits, and/or 
software modules that interact with each other or are com 
bined together. For example, the flowcharts and control 
diagrams illustrated herein may be used to create computer 
readable instructions/code for execution by a processor. 
Such instructions may be stored on a non-transitory com 
puter-readable medium and transferred to the processor for 
execution. The structures and procedures shown above are 
only a representative example of embodiments that can be 
used to provide the functions described hereinabove. 

Various modifications and additions can be made to the 
embodiments disclosed without departing from the scope of 
this disclosure. For example, while the embodiments 
described above refer to particular features, the scope of this 
disclosure also includes embodiments having different com 
binations of features and embodiments that do not include 
all of the described features. Accordingly, the scope of the 
present disclosure is intended to include all Such alterna 
tives, modifications, and variations as falling within the 
Scope of the claims, together with all equivalents thereof. 
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We claim: 
1. A method for operating a hard drive, the method 

comprising: 
performing a first seek operation using a first voice coil 

motor (VCM) control signal by utilizing a first drag 
component value; 

determining a position error signal (PES) and a DC offset 
component of the PES measured during the first seek 
operation; 

determining that the DC offset component is above a 
predetermined threshold; 

in response to determining that the DC offset component 
is above the predetermined threshold, determining a 
second drag component value different than the first 
drag component value; and 

generating a second VCM control signal by applying the 
second drag component value. 

2. The method of claim 1, wherein a difference between 
the first drag component value and second drag component 
value is dependent on an amount of difference between the 
determined DC offset component and a target PES DC offset 
component. 

3. The method of claim 1, wherein a difference between 
the first drag component value and the second drag compo 
nent value comprises a fixed portion and a variable portion. 

4. The method of claim 3, wherein the fixed portion is the 
same when a new drag component value is calculated. 

5. The method of claim 3, wherein the variable portion is 
dependent on a difference between the determined DC offset 
component and a target PES DC offset component. 

6. The method of claim 5, wherein the variable portion is 
proportional to the difference between the determined DC 
offset component and the target PES DC offset component. 

7. The method of claim 6, wherein the variable portion is 
calculated by multiplying the difference between the deter 
mined DC offset component and the target PES DC offset 
component by a constant greater than Zero. 

8. The method of claim 1, further comprising: 
initiating a second seek operation using the modified 
VCM control signal. 

9. The method of claim 8, wherein the second drag 
component value is stored to a table in a memory. 

10. The method of claim 1, wherein the DC offset 
component is determined by calculating an average DC 
offset component. 

11. The method of claim 10, wherein the DC offset 
component is further determined by passing the PES through 
a low-pass filter. 

12. The method of claim 10, wherein the average DC 
offset component is calculated by using DC offset compo 
nent values measured only during a coasting period of the 
first seek operation. 

13. An apparatus for controlling operations of a hard 
drive, the apparatus comprising: 

control circuitry configured to: 
initiate a first seek operation using a first voice coil 

motor (VCM) control signal by utilizing a first drag 
component value; 

determine a DC offset component of a position error 
signal measured during the first seek operation; 

determine that the DC offset component is above a 
predetermined threshold; and 

in response to determining the DC offset component is 
above the predetermined threshold, determine a sec 
ond drag component value different than the first 
drag component value. 
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14. The apparatus of claim 13, wherein the control cir 
cuitry is further configured to: generate a second VCM 
control signal by utilizing the second drag component value. 

15. The apparatus of claim 14, further comprising: 
a memory, wherein the second drag component value is 5 

stored in the memory. 
16. The apparatus of claim 14, wherein the control cir 

cuitry is further configured to: initiate a second seek opera 
tion using the second VCM control signal. 

17. The apparatus of claim 13, wherein a difference 10 
between the first drag component value and the second drag 
component value comprises a fixed portion and a variable 
portion. 

18. The apparatus of claim 17, wherein the variable 
portion is dependent on a difference between the determined 15 
DC offset component and a target PES DC offset compo 
nent. 

19. The apparatus of claim 18, wherein the variable 
portion is proportional to the difference between the deter 
mined DC offset component and the target PES DC offset 20 
component. 

20. The apparatus of claim 19, wherein the variable 
portion is calculated by multiplying the difference between 
the determined DC offset component and the target PES DC 
offset component by a constant greater than Zero. 25 

k k k k k 


